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AMENDMENTS IN THE SPECIFICATION: 

Page 1, Line 9 (Paragraph beginning thereat): 

The present invention relates to a tracking control apparatus and method 
which allow improving a precision of tracking control, a focus control a pp a rat us a nd 
m e thod wh ic h a l l o ws improving a pr e cision of focus contro l , and a signal processing 
apparatus. 

Page 5, line 14 (Paragraph beginning thereat) through Page 18, Line 15. 

As i n th e circuit for d o t o cting tracking e rrors, in a circu i t f o r d e t ec tin g f o cus 
e rrors, th e r o c oi v o d light qu a ntity d o t o ction s e ction may a l so b o shar e d by an RF s i gna l 
syste m and a focus e rro r-de t ec tion s yst em i n ord e r to r o duc o th o siz o and th o cost o f 
an opt i cal head. In such a caso, a rospons o fr o quoncy of th e r e coivod l ight quantity 
d o t o ction section b e com e s high. Thuo, A high frequ e ncy component from t o ns of MHz 
to hundreds of MHz such as th e modulation compon e nt of l as e r pow o r is sup e rimpos e d 
on th e focus e rror s i gna l . 

Usually, the tracking error signal and a focus e rror signal passes through 
a low-pass type filter called an antialiasing filter for digital control. Thus, high-frequency 
components of the tracking error signal and tho focus e rror signa l are removed by the 
antialiasing filter. Therefore, even though the above-mentioned high-frequency 
component is superimposed on the tracking error signal or th e focus e rror signa l, this 
does not cause any problem. 

However, as power of laser for recording has increased for increasing the 
speed of the recording operation, it has become more apparent that it is necessary to 
account for influence of the above-mentioned high-frequency component on the 
tracking control or th e focus contro l though the experiments of the present inventors. 
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This is because it was found that the above-mentioned high-frequency component 
saturate the operational circuits, and the amplitude of the tracking error control and-the 
focus control o rror which passes through the antialiasing filter becomes small, causing 
a control loop gain to be lowered and unstable. 

The object of the present invention is to provide a tracking control 
apparatus and method which allow improving a precision of tracking control, a focus 
contr o l apparatus and m e thod wh i ch allows i mproving a pr e c i s i on of focus control, and 
a signal processing apparatus. 

DISCLOSURE OF THE INVENTION 

A tracking control apparatus in an optical disc apparatus for performing 
reproduction for an optical disc capable of reproduction-only and performing 
recording/reproduction for an optical disc capable of recording/reproduction, according 
to the present invention comprises: focusing means for forming an optical beam spot on 
a recording surface of an optical disc by focusing light beam on the recording surface of 
the optical disc; moving means for moving the optical beam spot in a radial direction of 
the recording surface of the optical disc; photodetection means having a light receiving 
surface for detecting light reflected off the optical disc, in which the light receiving 
surface is separated into a plurality of areas, and each of the plurality of areas is formed 
to generate a received light quantity signal in accordance with a received light quantity 
and to output the received light quantity signal; a filter section including a plurality of 
low-pass filters, in which each of the plurality of low-pass filters removes a component 
having a frequency equal to or higher than a predetermined cutoff frequency from a 
corresponding received light quantity signal among a plurality of the received light 
quantity signals output from the photodetection means; a switching section for 
selectively outputting one of a plurality of signals output from the low-pass filters and a 
plurality of signals output from the plurality of areas of the photodetection means; a 
tracking error detection section for generating a tracking error signal indicating an 
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amount of deviation of the optical beam spot from a track to be scanned on the 
recording surface of the optical disc by performing a predetermined calculation with 
respect to a plurality of signals output from th o filt e r s e ction the switching section ; and a 
tracking control section for driving the moving means such that the optical beam spot 
follows the track on the recording surface of the optical disc in accordance with the 
tracking error signal, thereby achieving the above-described objects , wherein the 
switching section provides the signals output from the photodetection means to the 
tracking error detection section when an optical disc inserted into the optical disc 
apparatus is the optical disc capable of reproduction-only, and provides the signals 
output from the filter section to the tracking error detection section when an optical disc 
inserted into the optical disc apparatus is the optical disc capable of 
recording/reproduction. 

A band control section for control l ing tho filt e r s e ction such that th o 
pr o d o t o rm i n o d cutoff f reque ncy b o comos small as a record i ng spood for record i ng 
informat i on on th e optica l disc inc reas e s m a y b e furth e r includ ed. The optical disc 
capable of reproduction-only may be a DVD (Digital Versatile Disc)-ROM and/or a 
finalized DVD-R and/or a finalized DVD+R and/or a finalized DVD-RW and/or a 
finalized DVD+RW and/or a BP (Blu-rav Disc)-ROM and/or a HDDVD (High Definition 
DVD)-ROM. 

Th o f i lt e r s e ction may furth e r includ e a plura l ity of e qua li z e rs, e ach of th e 
e qua l iz e rs may ampl i fy a component of a pr o d o t o rmin o d fr e qu e ncy band includ e d in a 
corr e sponding r o c o iv o d light quantity signal among th o plura l ity of th o r o coiv o d light 
quantity signals output from th o photodetection m o ans, tho optical disc apparatus may 
furth e r includ e a switching s e ct i on for sol o ctiv o ly outputting ono of a signal output from 
th o l ow pass f i lt e r and a signal output from th o oqualiz o r, th o sw i tching s e ction may 
provid e th o signa l output from th o switching sect i on to tho tracking o rror dotoction 
s e ction as th o signal output from th o fi l t e r s o ction. 
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Th o sw i tch i ng s e ction may provid e th o signa l o utput from th o low pass 
fi l t e r to th e track i ng e rror d o t o ction s e ction wh o n t ho opti cal disc a p paratus is in a 
r e cord i ng op e ration stat e w i th r e sp e ct to a r e cord a bl e optica l disc, and may provid e th e 
signal output from th e e qualiz e r to th o tr a cking e rror d o t o ction s e ction wh o n th o optica l 
disc apparatus is in a r e prod u ction op e ration stat e with r o spoct to an optical disc of a 
r e p r oduction only typ e . 

A focus control apparatus according to th o present inv e ntion compris e s: 
focusing m o ans for forming an optical b e am spot on a r e cording surfac e of an op tical 
disc by focusing l i ght b e am on th o recording surfac e of th o optical disc; moving m o ans 
for mov i ng th o optica l b o am spot in a d i r e ction substantial l y perpendicu la r to th o 
r e cording surfac e of th o opt i ca l disc; photod o t o ction m o ans having a l ight r e c e iving 
surfac e for d o tocting l i ght rofl o ct o d off tho optical disc, i n which tho l ight r e ceiving 
surfac e is s e parated into a plurality of aroas, and e ach of tho p l urality of areas is form e d 
to g o n o rato a rocoivod l ight quantity signal i n acco r danc e w i th a roceiv o d l ight quant i ty 
and to output tho r e c e ived li ght quantity signa l ; a filter section inc l uding a plura l ity of 
low pass fi l t e rs, in which oach of th o p l urality of low pass filt e rs romov o s a component 
having a fr e qu e ncy equal to or high e r than a pr e det e rmined cutoff fr e quency from a 
corr e sponding r o c o ivod light quantity s i gnal among a plurality of th o roco i vod l ight 
quantity s i gnals output from th o photod o toction m o ans; a focus e rror d o t o ction s e ction 
for g e n e rating a focus orror signa l i ndicating an amount of dev i at i on of tho optica l boam 
spot from th o record i ng surface of th o optical disc by p e rforming a pr o d o tormin e d 
ca l culation w i th rospoct to a plura l ity of signals output from tho filt e r soction; and a 
focus control s e ct i on for driving th e mov i ng means such that th e optica l b e am spot 
fo l lows th o r e cording surfac e of th o optical disc in accordanc e w i th th o focus e rror 
s i gnal, th o r o by achi e ving tho abovo d o scribod object. 

A band control s o ction for control l ing th o f i lt e r s o ction such that th e 
pr e d e t e rmin e d cutoff frequ e ncy b e comes sma l l as a recording spood for recording 
i nformation on th o opt i cal d i sc i ncr e as e s may b o furth e r includ e d. 
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A tracking control method according to the present invention is a tracking 
control method performing tracking control by using a tracking control apparatus 
included in an optical disc apparatus for performing reproduction for an optical disc 
capable of reproduction-only and performing recording/reproduction for an optical disc 
capable of recording/reproduction , wherein the tracking control apparatus includes: 
focusing means for forming an optical beam spot on a recording surface of an optical 
disc by focusing light beam on the recording surface of the optical disc, moving means 
for moving the optical beam spot in a radial direction of the recording surface of the 
optical disc; and photodetection means having a light receiving surface for detecting 
light reflected off the optical disc, in which the light receiving surface is separated into a 
plurality of areas, and each of the plurality of areas is formed to generate a received 
light quantity signal in accordance with a received light quantity and to output the 
received light quantity signal, the tracking control method comprising the steps of: using 
a filter section including a plurality of low-pass filters to remove a component having a 
frequency equal to or higher than a predetermined cutoff frequency from each of a 
plurality of the received light quantity signals output from the photodetection means; 
generating a tracking error signal indicating an amount of deviation of the optical beam 
spot from a track to be scanned on the recording surface of the optical disc by 
performing a predetermined calculation with respect to a plurality of signals output from 
th e filt e r s e ct i on the photodetection means when an optical disc inserted into the optical 
disc apparatus is the optical disc capable of reproduction-only ; an4 generating a 
tracking error signal indicating an amount of deviation of the optical beam spot from a 
track to be scanned on the recording surface of the optical disc by performing a 
predetermined calculation with respect to a plurality of signals output from the filter 
section when an optical disc inserted into the optical disc apparatus is the optical disc 
capable of recording/reproduction: and driving the moving means such that the optical 
beam spot follows the track on the recording surface of the optical disc in accordance 
with the tracking error signal, thereby achieving the above-describe object. 
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Th o ct o p of contro ll ing th o filt e r section such that th o pr o d o t e rmin o d cutoff 
fr o qu o ncy b e com e s small as a r e cording spe e d for r e cording information on the o ptical 
di s c i ncr e as e s ma y b e furth e r includ e d. 

Th o st o ps of : using th o f i lt e r s e ction including a plurality of equaliz e rs to 
am p lify a comp onen t of a pr e d e t e rm i n e d froqu o ncy band inc l ud e d in e ach of th o 
plural i ty of th o r e c ei v e d l i ght quantity signals output from th o photod o t o ction m o ans ; 
and s e l e ct i v el y outputting one of a s ignal output from th o l ow pass fi l t e r and a s ignal 
output from th o e qua l iz e r as th o s i gnal output from th o f il t e r s e ct ion may b e furt her 
included - 

Th e signal output from the low pass fi l t e r may bo output as th e signal 
output from th o fi l t e r s e ction wh o n th o optic a l d i sc a pparatus is in a r e cordin g o per ation 
stat o with r e sp e ct to a r e cordabl e optical disc, and th e signa l output from th o e qualiz e r 
may b o o utput as th o signa l output from tho fi l ter s e ction whon tho optical disc 
apparatus i s i n a reproduct i on operation stato with rospoct to an opt i cal disc of a 
r e prod uc tion - on l y typ e . 

A focus control m e thod according to tho pr e s e nt invent i on is a focus 
control method p e rforming focus control by using a focus contro l apparatus , wh e r e in 
th o focus control apparatus includ e s: focusing m o ans for forming an optical b e am spot 
on a r e cording surface of an optica l disc by focusing l i ght b o am on th o recording 
surfac e of th o optica l disc, mov i ng m o ans for moving tho optical b e am spot in a 
d i r e ction substant i al l y p e rp e nd i cular to tho r e cord i ng surfac e of tho opt i ca l disc; and 
photod o t e ction m o ans hav i ng a light r e ceiving surfac e for detecting l ight rof lo ct o d off 
th o optica l disc, in which th o light r e c ei ving surfac e is s e parat e d i nto a plurality of ar e as, 
and e ach of tho plurality of ar o as is formed to g e n e rat e a rece i v e d light quantity signa l 
in accordanc o with a r o c o ivod l ight quantity and to output tho roc o iv o d l ight quantity 
signa l , th o focus control m e thod comprising tho st o ps of: using a fi l t e r section including 
a plural i ty of low pass filt e rs to remov e a compon e nt having a fr e qu e ncy e qual to or 
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high e r than a pr o d o t o rmin o d cutoff fr e quency from o ach of a plurality of th o r eceived 
light quant i ty signals output from th e phot o d e t ecti on m o ans ; g e n e rati n g a fo eus-efrof 
signal indi cat i ng an am ou nt of d e viation of th o opti c al b e am s pot from th e r e cordi ng 
surfac e of th o optic a l disc by p e rforming a pr o dot o rmin o d calcu l ation w i th r e sp e ct to a 
p l ural i ty o f s ign a ls output f ro m th e f il t e r section; and dr i ving th o moving m e ans such that 
th e optical be am s pot follows th e r e cording s ur f a c e of th e opt i cal d i sc i n a ccor danc e 
w i th th o focus erro r s ign a l, th e r e by achiev i ng tho above d o scrib o object. 

Th o st o p of contro l ling th e f il t e r s e ction such that tho pr o d o t o rm i n o d cutoff 
fr e qu e ncy b e com e s smal l as a r e cording sp e ed for r e cord i ng information on t ho o p t i cal 
disc incr e as e s may b o furth e r includ e d . 

A signal processing apparatus according to the present invention is a 
signal processing apparatus used in a tracking control apparatus included in an optical 
disc apparatus for performing reproduction for an optical disc capable of reproduction- 
only and performing recording/reproduction for an optical disc capable of 
recording/reproduction , wherein the tracking control apparatus includes: focusing 
means for forming an optical beam spot on a recording surface of an optical disc by 
focusing light beam on the recording surface of the optical disc, moving means for 
moving the optical beam spot in a radial direction of the recording surface of the optical 
disc; and photodetection means having a light receiving surface for detecting light 
reflected off the optical disc, in which the light receiving surface is separated into a 
plurality of areas, and each of the plurality of areas is formed to generate a received 
light quantity signal in accordance with a received light quantity and to output the 
received light quantity signal, the signal processing apparatus comprising: a filter 
section including a plurality of low-pass filters, in which each of the plurality of low-pass 
filters removes a component having a frequency equal to or higher than a 
predetermined cutoff frequency from a corresponding received light quantity signal 
among a plurality of the received light quantity signals output from the photodetection 
means; a switching section for selectively outputting one of a plurality of signals output 
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from the low-pass filters and a plurality of signals output from the plurality of areas of 
the photodetection means; a tracking error detection section for generating a tracking 
error signal indicating an amount of deviation of the optical beam spot from a track to 
be scanned on the recording surface of the optical disc by performing a predetermined 
calculation with respect to a plurality of signals output from th o filt e r sec t i on the 
switching section ; and a tracking control section for driving the moving means such that 
the optical beam spot follows the track on the recording surface of the optical disc in 
accordance with the tracking error signal, thereby achieving the above-describe object^ 
wherein the switching section provides the signals output from the photodetection 
means to the tracking error detection section when an optical disc inserted into the 
optical disc apparatus is the optical disc capable of reproduction-only, and provides the 
signals output from the filter section to the tracking error detection section when an 
optical disc inserted into the optical disc apparatus is the optical disc capable of 
recording/reproduction. 

A band control s e ctio n fo r co n tro ll ing tho filt e r s e ctio n such that th o 
pr o d o tormin o d cutoff fr o qu o ncy b e com e s smal l as a r e cording spood for recording 
i nformation on tho optica l disc incroas o s may b o furth e r inc l uded. 

Th o fi l t e r s e ction may further includ e a plur al ity of o qua l iz o rs, e ach of tho 
equaliz e rs may amplify a component of a pr e d e t e rm i n e d fr e quency band inc l ud e d in a 
corr e sponding r o coiv o d light quantity signal among th o plurality of th o r o co i ved l ight 
quant i ty signals output from th o photodetection m o ans, th e optical disc a pparatus may 
furth e r includ e a switching s e ction for solectiv o ly outputting on o of a signal output from 
tho low pass filt e r and a signal output from tho e qua l izer, and th o switch i ng s e ction may 
prov i de th o s i gna l output from tho switching s e ction to tho tracking o rror d e t e ction 
s e ct i on as th o s i gna l output from th o filter s e ction. 

Th o switching s e ction may provid e th o signa l output from th o low - pass 
f i lt e r to tho tracking o rror dotoct i on section when th o optica l disc apparatus is in a 
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r e cording op e rat i on stat o with r e sp o ct to a r o cordabl o optica l disc, and may provi de-foe 
signa l output from th o e qual ize r to th o tracking o rror d o t o ction s e ction wh e n th e o ptical 
disc a pparatus i s in a r e production op e ration stat o with r o sp o ct to an optica l d is c of a 
reproducti on only typ e . 

A signal proc e ssing a ppar a tus accord i ng to th o pr e s e nt in v en tion is a 
signa l proc e ssing apparatus us e d in a focus control apparatus, wh e r e in th o focus 
control apparatus includ e s: focus i ng m o ans for forming an optic al b e am spot on a 
r e cording surfac e of an optical d i sc by focusing l ight b e am on th e r e cording surfac e of 
th e optica l d i sc, moving m ea ns for moving th e opt i ca l b e am spot in a dir e ction 
substantial l y perpendicular to th o r e cording surfac e of th o optical d i sc; and 
photod o t o ct i on m o ans having a l i ght r e ceiving surfac e for d e t e cting l ight r e f le ct e d off 
th o optical d i sc, i n wh i ch tho light r e c e iv i ng surfac e is s e parat e d into a plural i ty of a re as, 
and e ach of th o plural i ty of ar e as is formed to generat e a received light quantity signa l 
in ac cord anco with a rece i v e d li ght quantity and to output tho rocoiv o d light quantity 
si gna l, th e signal proc e ssin g a pparatus compris i ng: a filter s e ction including a plurality 
of low pass filt e rs, in wh i ch e ach of th o plurality of low pass filt e rs remov e s a 
compon e nt having a fr e qu e ncy e qual to or high e r than a pr e d e t e rmin e d cutoff 
fr e qu e ncy from a corr e sponding roc o ivod light quant i ty signa l among a p l urality of th e 
receiv e d l i ght qu a ntity s i gnals output from th e photod e t e ction m e ans; a focus e rror 
d o t o ction s e ction for g e n e rating a focus o rror sign al indicating a n amount of d e viation of 
th o optica l b o am spot from th o record i ng surfac e of th o opt i ca l disc by p e rforming a 
pr e d e t e rmin e d calculation with r o spoct to a p l ura l ity of signals output from th e filt e r 
s e ction; and a focus contro l s e ction for driving th o moving m o ans such that th o opt i cal 
b o am spot follows th o r e cord i ng surfac e of tho optical disc in accordanc e with tho focus 
o rror signal, th e r e by achi e v i ng th o above d e scr i be obj e ct. 

A band control section for contro ll ing th e filt e r s e ction such that th o 
pr e d e t e rmin e d cutoff frequ e ncy becomes small as a r eco rd i ng sp ee d for r e cording 
i nformation on tho optical d i sc incr e ases may bo furth e r i nclud e d. 
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The optical disc apparatus according to the present invention includes a 
filter section for r e mai n ing compon e nts n e c e ssary for track i ng contro l or fo cu s contro l 
afid removing unn e c e ssary high-frequency band components immediately after a 
received detection section , the filter is operated for a disc capable of 
recording/reproduction which does not require high-frequency band components when 
generating a tracking error signal, and the filter is not operated for a disc capable of 
reproduction-only which requires high-frequency band components. Thus, a 
d i sturbanc e unnecessary components due to modulation components of laser power 
(recording power) can be removed from a track i ng e rror signal or a focus e rror s ignal^ 
while remaining components of the tracking error signal necessary for the tracking 
control. As a result, a precision of the tracking control or the focus control can be 
improved. 

The optical disc apparatus according to the present invention is useful as 
a DVD multi-recorder, DVD multidrive or the like. Further, the present invention can be 
also applied to any type of optical disc apparatuses recording/reproducing multiple 
media, not limited to DVDs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing a structure of the optical disc apparatus 
according Embodiment 1 of the present invention. 

Figure 2 is a d i agram showing a structur e of th e optical d i sc apparatus 
according Embodiment 1 of tho pr e s e nt invent i on. 

Figure 3 is a diagram showing a structure of a circuit for detecting tracking 
errors by using a phase difference method. 
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Figure 4 is a diagram showing a structure of a circuit for detecting tracking 
errors by using a push-pull method. 

The description of the reference numerals are as follows: 

1 Optical disc 
2^202 Laser diode 
3r203 Collimate lens 

4 , 20 4 Beam splitter 

5 , 205 Objective lens 

6 , 206 Received light quantity detection section 

101 Lens driving section 

102 Control signal generation section 

103 Switching control section 

104 Tracking error detection section 

105 Switching section 

106 Filter section 

107 Band control section 

108 Disc determination section 

109 Management section 

207 Focus d o t e ction le ns 

208 L e ns dr i ving s e ct i on 

209 Control signa l g e n e ration section 

210 Switching control s e ct i on 

21 1 Focus e rror d e t e ction s e ction 

212 Sw i tching s e ct i on 

213 Filt e r s e ction 

21 4 Manag e m e nt sec t ion 

301, 401 Received light quantity detection section 

302, 303, 402, 403 Adder 
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304 Phase comparator 
404 Subtracter 

Page 34, line 8 (Paragraph beginning thereat) through Page 42, Line 24: 
(Embodim e nt 2) 

Figur e 2 chows a structur e of an optical d i sc app a ratus according to 
Embodiment 2 of tho pr o s o nt inv e ntion. 

A l as o r diod e 202 outputs l as o r light. 

A col l imat o I o ns 203 conv e rts tho l i ght output from th o las e r diod o 202 into 

para llel l ight. 

A boom splitt er 20 4 transm it s t ho p a r all e l light from th o collimate l e ns 203 
through an objective I ons 205. Tho boam spl i tter 20 4 a l so soparat o s paral l e l l ight from 
th o objectiv e I o ns 205 ( l ight r o fl o ct o d off an optica l disc 1) to a direction of a focus 
d e t e ct i on le ns 207. 

Th o focus d e t e ction Io ns 207 has a I o ns structur e for d e t e cting focus 
e rrors by an astigmatism m e thod from tho parallel light passed through th o b o am 
spl i tt e r 20 4 and focus th o light to a r e ce i v e d light qu a ntity d e t e ction s e ction 206. 

Th o obj e ctive l e ns 205 focuses th o parall e l l i ght pass e d through tho 
coll i mat o Ions 203 and th o boam spl i tt e r 20 4 to a r e cord i ng surfac e of th o optical disc 1 
and forms an optical boam spot on the recording surface of th o optica l disc 1. Furth e r, 
th o obj e ctiv e I o ns 205 conv e rts th e light r e flect e d off th o opt i cal disc 1 into para l l e l li ght 
and pass e s th o para l l e l light through th e b o am spl i tt e r 20 4. 

A I o ns dr i ving section 208 moves th o optica l b o am spot formed by tho 
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obj e ct i v e l e ns 205 in a dir o ction substan ti a ll y pe rp e n d i c u l ar to tho rocording surfac e of 
th o optical disc 1. 

Th o r e c ei v e d l ight quant i ty det e ction s e ction 206 has a l ight r e c e iving 
s u rf ac e fo r d e t e cting e l l iptica l focus focus e d by th o focus d e t e ction l e ns 207 . Th e light 
r e c e iv i ng surfac e i s s e parat e d i nto fou r a reas by two boundari e s . Each of th e four 
ar e as is form e d to g e n e rat e and output a rec e iv e d l i ght quantity signa l in accordance 
with a rece i v e d l ight quantity. Th o r e c e ived light quantity d e t e ction s e ction 206 i s 
form e d such that on e of two diagona l dir e ctions of th e four ar e as match e s th e major 
ax i s e l l iptical focus and th o oth e r of th o diagonal d i r e ct i ons of tho four ar e as mat c h e s 
th o minor ax i s of th o el l i pt i ca l focus. 

A f i lt e r section 213 has four sots of low pass filt e rs (LPF) and conductors. 
Th o LPFs r e mov e comp one nts hav in g fr eque nci e s e qua l to or hi gh er th an a 
predetermined cutoff fr e qu e ncy from a corr es ponding receiv e d li ght quant i ty signal from 
th o four r e ceiv e d l i ght quantity signals output from four areas of th o receiv e d light 
quantity d e tection section 206 and pass through oth e r compon e nts. Tho conductors 
pass a corresponding r e ceiv e d l i ght quantity signa l from th e four r e c ei v e d li ght qu a ntity 
signals output from four areas of tho r o coivod light quant i ty d e t e ct i on s e ction 206 as i t 
is. Furth e r, each of tho LPFs is form e d such that it is possibl e to sw i tch tho cutoff 
fr e qu e ncy in accordanco w i th a s i gnal output from a switch i ng control s e ct i on 210. 

Th o sw i tching control section 210 outputs s i gnals to a switching s e ction 
212 and a fi l t e r s e ction 213 i n accordanc e with information indicating wh e th e r tho 
optica l disc apparatus is in a recording operation stat o or a reproduction op e ration and 
information indicating a rocording speed (for e xampl e , rate for r e cording). 

A manag e m e nt s e ction 21 4 tho i nformation indicat i ng wh e th e r th o optical 
disc apparatus is i n a r o cording op e ration stato or a reproduction op e ration stat o and 
th o information indicating a r o cording spe e d (for e xamp le , rato for r e cording), and 
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outputs th o information to th o switching control s o ction 210. 

Th e switch i ng s e ction 212 has four s o l o ctors with two i nputs and o ne 
output. Th o on o s o l o ctod from two inputs a and b of each of tho s o l o ctors is con nected 
to th o output of th o s e l e ctor. Outputs of tho LPFs a r o r o spoctiv el y conn e ct ed to the 
i nputs a of th o s e l e ctors. Outputs of th o EQs ar o rospoct i v ol y conn o ct o d t o t ho i n puts b 
of th o s e l e ctors. Tho LPF and th o conductor conn e ct e d to th o i nputs a and b of on o 
s e l e ctor i s a s o t of LPF and conductor which r o c e iv e th o sam e r o c oi v od light quantity 
signa l in th o f i lt e r s o ction 106. 

Th o switching section 212 switches th o i nput of th o s e lector to a or b at 
th e sam e tim o in accordanc o with th o sign a l output from th o switching contro l s e ction 

Tho focus o rror dotoction soction 211 gonoratos and outputs a focus error 
signal i ndicating an amount of deviation of tho opt i cal boam spot from tho recording 
surfac e of th o optical disc 1, bas o d on four signals output from th o switching s e ction 
242^ 

A contro l signa l generation soction 209 outputs a focus control signal for 
making th o optica l b e am spot form e d by th o obj e ct i v e I o ns 5 fo l low th o track on the 
r e cord i ng surfac e of tho opt i cal disc 1 in accordanc o w i th th o focus o rror signa l output 
from th e focus o rror d o t o ction soction 211. 

Th o I o ns driving s o ction 208 mov e s tho obj e ctiv e Ions 205 in a dir e ct i on 
substantia ll y p o rp o ndicu l arto th o r e cording surfac e of th o optic al disc 1 so that th e 
optical b e am spot fo ll ows th o track on tho recording surfac e of th o optical disc 1 in 
accordanc o with th e focus control signal output from tho control signal g e n e ration 
s o ction 209. 
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As d o sc ri b o d a bov o , th o optical dice apparatus shown in Fi §u r o 2 functi on 
focus control a p p aratus wh i ch p e rforms focus control. 



or f o rming th e opt ic a l 



i th e r e cord i ng s urface of th e optica l disc 1 by fo' 



r e cording surfac e of th o opt i ca l disc 1. How o v o r, th e fo cusing m o ans i s no t li mit ed t o 
th o obj e ctiv e Io ns 205. Any ono or moro olomonts can b o us o d as focusing m o ans as 
long as thoy hav e a function s i milar to th o funct i on of th o abov o mention e d focusing 
m Gons 



Th o Io ns dr i ving s e ction 208 functions as mov i ng m o ans for moving th e 
optic al b o am spot form e d by th o obj o ct i vo Ions 205 i n a dir e ction substantial l y 
p o rp o ndicu l arto tho r e cord i ng surfac e of tho opt i c a l disc 1. How o v o r, th o moving 
m o ans is not l imit e d to tho Ions dr i ving s e ction 208. Any ono or moro elem e nts can b o 
us o d as mov i ng m e ans as l ong as they hav o a funct i on similar to tho function of tho 
a bov o me nt i on e d mov i ng means. 



Th o r o c oi v o d l i ght quantity det e ction section 206 functions as 
photod o t e ction moans having th e l ight receiving surface for d o t o cting tho l ight rof l octod 
off th o optical disc 1. Th o light rec e iving surfac e is s e parated into a plurality of areas. 
Each of th o p l urality of ar o as is form e d to gon o rat o and output a r o c o iv o d light quantity 
signa l in accordanc o with r o c o iv o d light quantity. How o v o r, th o photod o t e ction m e ans 
is not limited to th o roc o iv o d light quantity dotoction section 206. Any on o or mor e 
ol o m o nt can b o us o d as photod o tection moans as long as th o y havo a function s i m i lar 
a s th o function of th o a bov e- m e ntioned photodot o ction m o ans. 

It is not an e ss e ntial f e atur e for th o pres e nt inv e ntion that th o filt e r section 
213 i nclud e s a p l urality of conductors. As long as th e fi l t e r section 213 includ e s a 
p l urality of l ow pass filters (LPFs) and o ach of tho LPFs is formed to r o mov o a 
compon e nt having a fr e quency e qua l to or high e r than th o pr o dotermin o d fr o quoncy 
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from a corr e spond i ng r o c oi v o d light quantity signa l among th o p l urality of r o c o iv o d light 
quant i ty signals output from th o photod o t o ction m o ans , th o optica l disc apparatus 
inc l uding th o filt e r s e ct i on 213 is w i thin th o scop o of th o pr o sont i nv e ntion . I F th e f ilter 

th e sw i tching s e ction 211 i s not n e c e ssary. In such a cas e , outputs f ro m th e plurality of 
LPFs a r e prov i d e d to th o focus e rror d e t e ction s e ction 211 a l l th o tim e . Alt e rnat i v e^ 
outputs from tho plurality of conductors may b o prov i d e d to th e focus e rro r d e t ect i on 
s e ction 211 all t he tim e. 

Th o focus e rror d e t e ction s e ction 211 performs pr o d o t o rm i n o d 
calcu la tions with r e sp e ct to th o plurality of signals output from th o fi l t e r s e ction 213 to 
gon o rat o tho focus o rror signal. How to generat e the focus e rror signal is not i mport a n t 
i n tho pros o nt inv e ntion. Tho focus o rror d e tect i on s e ction 211 may g o n o rat o th e focus 
o rror signal by us i ng any known m e thod. 

Tho control signal g e n e ration section 209 functions as a tracking control 
s e ction for driving th e I o ns driving section 208 such that th o optical b e am spot follows 
th o r e cord i ng surfac e of th o optical disc 1 in accordanc o with th e focus o rror signal. 

Th o fi l t e r section 213, focus orror detection section 211, and tho control 
signal g e n e rat i on s e ction 209 may b o implem e nt e d by softwar e by using computer 
programs or tho l i k o , or may bo impl e mented by hardware by us i ng circuits or th o lik e . 
A l t e rnativ el y, they can bo impl e ment e d by th o combination of softwar e and hardwar e . 
Th o same i s also tru o of the managem e nt section 21 4 , and sw i tch i ng contro l se ct i on 

Th o l e ns driving section 208 may bo, for e xampl e , a mechan i cal actuator. 

An int e gration circuit may b o form e d by i nt e grating at le ast tho fi l ter 
s e ction 213, focus e rror d e t e ct i on s e ction 211, and control signa l g e n e ration s e ct i on 
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209 on ono s o miconductor chip. Such an int e gration circu i t functions as a signa l 
proc e ssing apparatus f o r proc e ssing th o focus o rror signa l . 

d o t o ction s e ction 206 is shar e d by an RF signa l syst e m and a fo c us contro l syst e m in 
ord e r to r e duc e th o size and th o cost of an optical h e ad . RF signa l i s g e n e rat ed b y a 
r e production s e ction which is not shown and rec or d e d i nform a tion is r e produc e d bas e d 
on th e fou r s i g na l s output from th o r e c e iv e d li ght quantity d o t o ction sec tion 206 . 

Th o focus o rror is g e n e rat e d duo to a non plan a r surfac e of th e optical 
disc, a shift in chucking, and th e l i k e . Tho frequ e ncy band is about s e v e ra l t o ns of kHz 
or l ow e r in tho cas e of DVDs. Thus, tho frequ e ncy band of th o roc o iv o d light qu anti ty 
signa l wh o n b e ing i nput to th o focus o rror dot o ct i on sect i on 211 may b o th o band of 
s e v e ral hundr e ds of kHz or l ower. On tho oth e r h and, th o r e spons e fr o qu o ncy of th o 
r e c e iv ed lig ht quant i ty dotoction section 206 is high for g e nerating th e RF signal and 
inc lud e s l as o r pow e r modulation compon o nt of f o w t o ns of MHz to several hundr e ds of 
MHz for recording. 

As d o scr i bod with rofor o nc o to Embod i m e nt 1 , th o r e cording sp oo d (for 
o xampl o , rat e for r e cording) is diff e rent d e p e nding upon tho i ntend e d purpos e of th e 
optica l d i sc apparatus and th o typ o of optical disc 1 mount e d on th o opt i cal d i sc 
apparatus. This result in different focus control ga i ns, frequ e ncy bands of th e 
compon e nts r e qu i r e d for th e focus e rror signal, and th e fr e qu e ncy b a nd and th e siz e of 
unn e c e ssary compon e nts (particu l ar l y, modulation compon e nts of th e l as e r pow e r 
(r e cording pow e r)). This i s as d e scrib e d with r e f e renc e to Embod i m e nt 1 and th e sam e 
is also tru e o f th o focus control s yst e m as tho track i ng control system. 

Th o r o for o , in th e optical disc apparatus shown in Figur e 2, th e cutoff 
fr e qu e nci e s of th o LPFs ar e mad e var ia ble and th o follow i ng op e ration i s p e rform e d. 
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Wh o n th o optical disc a p paratus i s in th o r e cording op e r a tion stat o, th o 
ow i tching control s e ction 210 outputs a sign a l to sw i tching s e ct i on 212 such that th e 
s oloc t ors roc o iv o s input from th o inputs a. Further, th o sw i tchi n g contro l section-240 
outputs a s i gn a l for switching th e cutoff fr e qu e nc ie s of tho LPFs to th o fi l t er se cti o n 21 3 
such that, wh o n th o rat e for r e cording is low, th o cutoff fr o qu e nci o s of th o LPFs ar e s e t 
to hav e high valu e s, and , wh o n th o r a t e for recording is high, th o cutoff fr o qu o nci e s of 
th e LPFs ar e s e t to hav e low valu e s. 

Accord i ngly, wh o n r e cording is p e rform e d, tho las e r pow e r modulation 
compon e nts ar e alw a ys r e mov e d from tho rec e iv e d li ght quantity s i gnals wh e n b eing 
input to tho focus error d e t e ction section 211. Therefor e , tho focus e rror d e t e ction can 
bo normal l y p e rform e d without tho i nflu e nc e of th o las o r pow e r modu l ation compon e nt. 
As a r e sult, focus control with a high precision can bo p e rform e d o v e n during a h i gh - 
spee d ro t ation . 

I n Embod i ment 2, tho focus orror d o toction methods and th o frequ e ncy 
bands hav o boon descr i b e d with rof o r o nco to oxamp lo s wh o r e th o optica l d i sc 1 i s a 
DVD. How o vor, tho typ o of th o optica l disc 1 is not limit e d to tho DVDs. Even whon the 
optica l disc 1 is an opt i cal disc othor than tho DVDs, tho pres e nt i nv e ntion can bo 
appli e d to any typ o of optical d i scs by appropriat e ly adjusting tho frequency bands. 

Further, in Embodim e nt 2, tho structur e and op e rations of th o optica l d i sc 
apparatus hav o bo o n d o scribed with r o f o ronc o to e xamp le s wher o tho focus error 
method i s an astigmatism m e thod. How o v o r, th o typ o of th o focus o rror d o t o ction 
m e thod is not l imited to tho astigmatism method. Tho pr e sent inv e ntion is not sp o c i fic 
to a c e rtain focus orror d o t o ction m e thod, but can b o app l ied to any focus o rror 
d o t o ction m e thod. 

Th o sw i tch i ng s e ction 212 may b o omittod, and inst e ad, th o cutoff 
fr o qu o nci e s of th o LPFs may bo switched in accordanc e with th o rate not only for 
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r o cord i ng but a l so for r e production. In th i s way , R F signal-componen ts incl ud o d in th e 
r e c ei v e d light quantity signals ( in t h o c a s o of DVDs , th o sig nal-compone nt from f e w 
MHz to s e v era l t o ns of MHz) can b o r e mov e d with a high pr ecision in a ccor danc e with 
th o rate. Th o r o for o , th o focus err or d e t e ction can b o p e rf or m e d at a high pr e cision 
o v e n for r e production , an d focus control with a high pr e cision can b o p e rform e d . 

Page 43, Line 8 (Paragraph beginning thereat): 

The optical disc apparatus according to the present invention includes a filter 
section for r e ma i ning compon e nts n e c e ssary for tracking control or focus control and 
removing unn e c e ssary high-frequency band components immediately after a received 
detection sectionr . the filter is operated for a disc capable of recording/reproduction 
which does not require high-freguency band components when generating a tracking 
error signal, and the filter is not operated for a disc capable of reproduction-only which 
requires high-freguency band components. Thus, a d i sturba n c e unnecessary 
components due to modulation components of laser power (recording power) can be 
removed from a tracking e rror signal or a focus o rror s i gnal , while remaining 
components of the tracking error signal necessary for the tracking control. As a result, 
a precision of the tracking control or the focus control can be improved. 
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